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Abstract—A unique metasurface is presented that can be 
used to control the polarization of electromagnetic waves. The 
dual band metasurface is realized by stacking an array of 
multiple concentric circular rings. By rotating each array 
with respect to each other, we can manipulate its impedance 
at distinct frequencies. The versatility of the proposed 
metasurface is numerically verified.  
     Keywords— Tensor impedance metasurface, 
electromagnetic (EM) waves, antenna applications, cascaded 
layers, impedance-matched metasurface, multiple concentric 
circular rings, multi-conductor transmission (MCTL), 
circular polarization selective surface (CPSS).  
 
I. INTRODUCTION 
Impedance matching is essential in RF systems to 
maximize power transfer from the signal source to the load 
[1]. Unfortunately, trade-off between the matching 
bandwidth and matching efficiency is imposed by the 
Bode-Fano criterion [2][3]. The implication of this is 
significant for the system bandwidth especially when the 
load (𝑍𝐿) is highly dispersive, and when the impedance of 
the generator load (𝑍𝑔) is higher than 𝑍𝐿. Such a situation 
arises when small antennas are matched for 
communications and radars [1]. In this case when a pulse 
of short duration is transmitted it is seriously distorted  as 
well as the associated group delay. We can however 
optimize the transmission efficiency, 𝜂, for a given 
generator impedance, 𝑍𝑔, by discarding the impedance 
matching network for a suboptimal matching for a given 
load, 𝑍𝐿 .  
Overcoming the matching constraints have been 
previously explored using active matching network 
realized with non-Foster reactive elements. Such matching 
networks have also been proposed to enhance  the 
bandwidth of small antennas [4]  and cloaking devices [5]. 
The downfall with this method is increase in the internal 
noise of the matching network as well the likely hood for 
the network to become unstable [6]. Furthermore, although 
non-Foster matching networks can counteract the effects of 
reactive loads, however they cannot be used to match 
resistive loads. 
To compensate the effects of suboptimal antenna 
matching requires the use of artificial surfaces referred to 
as metasurfaces that can be used to overcome distortion of 
electromagnetic (EM) waves interacting with two media of 
different material characteristics [7].  
Metasurfaces have gained popularity for manipulating 
various characteristics EM waves as they are relatively 
easy to construct and have a low profile. Metasurfaces are 
constructed using subwavelength sized scattering elements 
referred usually as unit-cells that are arranged in arrays. 
The unit-cells interact with the electromagnetic-field to 
affect its scattering properties such that an incident wave is 
precisely controlled. The unit-cells constituting the 
metasurface can be tuned to determine specific phase or 
amplitude profile of the EM-wave propagating over the 
metasurface to engineer specific scattering properties 
including the polarization state of the scattered EM-waves. 
This type of manipulation is of use in numerous microwave 
and optical applications [8].  
This paper presents impedance-matched metasurface 
structure that can be used to control the polarization of 
scattered EM-waves in terms of its selectivity or rotation. 
With the proposed metasurface specific surface 
impedances can be realize at two different medias. This is 
accomplished by cascading layers of arrays of numerous 
concentric circular rings. Adjacent layers are rotated with 
respect to each another, and the angle of this rotation is 
used to determine the structure’s specific property. 
 
 
II. SYNTHESIS OF IMPEDANCE MATCHED METASURFACES 
Investigated here is a new technique to accomplish 
impedance matching for pulses of short duration. Fig. 1 
shows a pulsed source that is connected to a load through a 
transmission-line, where 𝑍𝐿 = 𝑅𝐿. Note, 𝑍𝑐 is the 
characteristic impedance of the transmission-line. Here, 
the impedances 𝑍𝑐, 𝑅𝑔, and 𝑍𝐿, are considered non-
dispersive. Under the condition when 𝑍𝑐 = 𝑅𝑔, the power 
delivered from the source to the transmission-line is 
maximum. If the load impedance is not matched to the 
transmission-line’s characteristic impedance, i.e. 𝑍𝐿 ≠ 𝑍𝑐, 
the transmitted pulse will be reflected from the load. We 
can prevent reflections if we could, while the pulse is 
propagating on the transmission-line, switch the 
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transmission-line impedance to be 𝑍𝑐 = 𝑍𝐿. Hence, 
optimum power transfer will be achieved in this case.  
This scenario suggests that the possibility of 
determining a switching scheme that results in significantly 
improved matching than that achieved by conventional 
time-invariant impedance matching networks. 
Furthermore, the proposed suggestion is not subject to the 
Bode-Fano restriction.  
 
 
 
(a) 
 
(b) 
Fig.1. (a) Switched transmission-line, and (b) potential switched 
transmission-line implemented using a discrete periodic structure of 
parallel varactor diodes and switched series capacitors. 
 
The transmission-line shown in Fig.1 can be 
implemented using metasurfaces that is impedance 
matched. The metasurface is realized using circularly 
polarized selective structure (CPSS) applied between two 
different media. Impedance-matched CPSS is realized by 
stacking together five metasurfaces separated from each 
other by 2 mm as illustrated in Fig. 2. The metamaterial 
layer comprises arrays of multiple copper based concentric 
circular rings whereby the layers are rotated with respect to 
each other.  
 
 
(a) 
 
(b) 
Fig.2. (a) Layout of metasurface layer which is fabricated on a 0.2 mm 
thick substrate, and (b) its equivalent multi-conductor transmission-line  
model. 
 
The gap between the concentric circular rings plays the 
role of the series left-handed capacitance (𝐶𝐿), which is 
shown in Fig.1(b). The periodicity of the unit-cell is 2 mm. 
The required impedances were physically mapped by 
setting the geometries of the rings, from outer to inner 
rings, as 2.5×2.25 mm2, 2×1.75 mm2, 1.5×1.25 mm2, 
1×0.75 mm2, and 0.5×0.25 mm2 for all layers. The widths 
of the rings are fixed to 0.25 mm.  
The insertion-loss (IL) for right-hand circular 
polarization (RHCP) and the Return-loss (RL) for left-hand 
circular polarization (LHCP) for the physical layers are 
shown in Fig. 2. It is noted that the IL at the two operating 
frequencies are all below 1-dB indicating field 
transmission efficiency greater than 90%. The axial ratio at 
the design frequencies are near unity for the transmitted 
RHCP and reflected LHCP. 
 
 
Fig.2 The IL of RHCP (red) and RL of LHCP (black). 
 
III. CONCLUSION 
A technique is presented to accomplish dual band operation 
using a metasurface that can control the polarization of 
scattered EM-waves. This was obtained by stacking 
together layers with arrays of multiple concentric circular 
rings. The properties of the proposed dual band circularly 
polarized selective structure have been numerically 
verified. It exhibits IL of RHCP and RL of LHCP lower 
than 1-dB at 15 GHz and 25 GHz with near unity axial-
ratio. 
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